We investigated the frequency, clinical presentation, risk factors, and outcome after the first deep vein thrombosis (DVT) event.
Background
Venous thromboembolism (VTE) is a potentially severe disease that possesses a higher risk of recurrence (30%) at 10 years or more after an initial episode [1] . The treatment of acute VTE with anticoagulants is primarily confined to an initial period of 3-6 months, which helps to prevent short-term thromboembolic complications [2] . It has been shown that residual venous thrombosis is positively correlated with recurrent VTE; therefore, ultrasonographic follow-up is needed to guide longterm use of anticoagulation [3] . Continuation of thromboprophylaxis remains challenging for clinicians due to the associated risk of hemorrhage [4] [5] [6] [7] . Therefore, the use of long-term anticoagulation treatment to minimize VTE recurrence requires careful risk assessment [4, 8] .
The reported rate of recurrent VTE varies widely from 0.6-15% at 90 days to 13-25% at 5 years [9] . Earlier studies have suggested various clinical and biochemical predisposing factors associated with single DVT [10] . However, only few of these risk factors have been identified as potential predictors of recurrence [11] . It has been observed that patients with persistent risk factors (malignancy, thrombophilic disorders, and idiopathic DVT) had a 2-to 3-fold higher risk of recurrence than those with transient risk factors (major surgery and lower-limb fracture) [6] . Therefore, it is imperative to identify the factors involved in the pathogenesis of RDVT. The prevalence and risk factors of RDVT in the Arab Middle-East are not well investigated. Herein, we aimed to determine the frequency, diagnosis, clinical presentation, potential risk factors, management, and outcome of patients with RDVT in Qatar.
Material and Methods
A retrospective analysis was conducted for all patients who presented with clinical suspicion of DVT (pain, tenderness, and swelling in the lower extremity) that was confirmed by Doppler ultrasonography at the Hamad General Hospital in Qatar between January 2008 and December 2012. Records of all DVT cases were identified from outpatient clinics, inpatient wards, and emergency departments, with 1-year clinical followup. DVT in our study was diagnosed based on clinical characteristics, laboratory findings, and color Doppler ultrasonography. The procedure for Doppler ultrasonography was primarily based on examination of all patients with GE Logic 9, Logic E9, or Philips IU22 devices using high-frequency or multi-frequency probes. Deep veins were examined from the common femoral vein (CFV) up to the distal posterior tibial vein (PTV) for compressibility, spontaneous flow, and augmentation by distal compression and Valsalva maneuver using grayscale imaging, color flow imaging and pulsed wave Doppler. The examination was also extended to both sapheno-femoral junction (SFJ) and sapheno-popliteal junction (SPJ). The occurrence of pulmonary embolism was identified by Computed Tomography Pulmonary Angiography (CTPA) examination. Recurrent VTE was defined as thrombosis of a venous site that was either previously uninvolved or had interval documentation of incident thrombus (DVT or PE) resolution [12] .
We reviewed data on demographics, baseline characteristics (clinical signs and symptoms), risk factors and comorbidities, laboratory investigations (routine tests, D-dimer, thrombophilic disorder), radiological findings (presence of DVT, site of thrombi, location, and anatomic segments involved), occurrence of PE, and single and RDVT. We also analyzed VTE treatment (low molecular-weight heparin, warfarin, antiplatelet, and thrombolytic therapy), length of hospital stay, duration of follow-up, post-thrombotic syndrome (leg pain, swelling, redness, and ulcers), and mortality. This study was approved by the Medical Research Center (IRB# 15002/15) at Hamad Medical Corporation (HMC), Doha, Qatar.
Statistical analysis
Data are presented as proportions, medians (range), or mean [± standard deviation (SD)], as appropriate. We compared variables such as baseline characteristics, risk factors, comorbidities, diagnostic testing, complications, and outcome between patients with single vs. RDVT. Comparison between respective groups was performed using the Student t test for continuous variables and the Pearson chi-square test for categorical variables. Multivariate logistic regression analysis was performed to determine the predictors of RDVT, and data are presented as odds ratio (OR) and 95% confidence interval (CI). A significant difference was considered as a 2-tailed P value less than 0.05. Kaplan-Meier curve was constructed to display survival for the first vs. recurrent DVT. A multivariate Cox regression analysis was performed to assess the hazard ratio (HR) and 95% confidence interval (CI) for the risk of mortality as well as PE during the follow-up based on RDVT. Patients were censored at the time of death or last follow-up. Data analysis was carried out using SPSS version 18 (SPSS Inc. Chicago, IL, USA).
Results
We screened 6420 patients over a 5-year period, of which 662 (10.3%) had confirmed diagnosis of DVT. A total of 146 of the 662 (22%) patients had RDVT (56% were females). Tables 1  and 2 compare the clinical characteristics, risk factors, comorbidities, treatment, and outcome in patients with single vs. RDVT. The 2 groups were comparable for age and sex. RDVT was found to be significantly higher than single DVT (32.9% vs. 23.1%, p=0.01) in the Arab population in Qatar. In-hospital diagnosis of DVT was confirmed in 241 (36.4%), of which 63 cases were admitted to the ICU. Notably, a higher proportion of RDVT was diagnosed at the outpatient clinics (80.8% vs. 58.7%, p=0.001), whereas in-hospital patients were more likely to present with single DVT (41.3% vs. 19.2%, p=0.001).
Coagulation abnormality, recurrent PE, and comorbidities (diabetes mellitus, obesity, and dyslipidemia) were significantly higher in RDVT cases as compared to patients with single DVT (P<0.05 for all). On the other hand, patients with a single DVT event had higher association with malignancy (18.2%, vs. 8.3%, P=0.004) than did RDVT cases.
The most common site of RDVT was the left lower limb (LL) (49.3%) followed by right (36.8%) and bilateral (13.9%) LL DVT ( Figure 1 ). A single DVT event was frequently associated with left LL DVT (56.6% vs. 49.3%, p=0.01), while cases with RDVT had more bilateral LL involvement (13.9% vs. 6.5%, p=0.01). The most frequently thrombosed anatomic segments were the Outcomes Post-thrombotic syndrome was identified in 58.2% of RDVT cases, with characteristic presentation of calf pain (72%), leg edema (63%), and leg ulcer (6.8%). Twenty percent of the RDVT cases developed PE. Also, the frequency of post-thrombotic syndrome and PE was significantly higher in cases with RDVT (p=0.01) when compared to single DVT. Fifteen deaths occurred in patients with RDVT. The overall mortality rate was non-significantly higher in cases with single DVT (16.5% vs. 10.3%, p=0.06) than those with recurrence. In the multivariate analysis to determine factors associated with RDVT, obesity, abnormal coagulation, prior history of PE, and bilateral DVT were found to be independent predictors of RDVT (Table 3) .
Kaplan-Meier survival curves and Cox regression models
On univariate analysis, the rate of pulmonary embolism was greater with RDVT than those with a single event (20% vs. 10%, p=0.001); however, during follow-up and after adjustment for age and sex, this effect on PE was statistically insignificant (adjusted HR 1.23, 95% CI 0.43-3.57, p=0.68) (Figure 2 ). The ageand sex-adjusted mortality was higher in patients with a single event, with an HR 2.3; 95% CI 1.18-4.54 (p=0.01). However, this effect disappeared after adjusting for the duration of warfarin therapy (aHR 1.67, 95% CI 0.69-4.00, p=0.22) ( Figure 3A-3C ).
Discussion
Several epidemiological studies have identified risk factors involved in the clinico-pathological manifestations of recurrent VTE [13, 14] . In our series, 662 DVT cases were identified from a single hospital. The rate of RDVT was found to be 22%, which is consistent with an earlier report of 20% recurrence in symptomatic DVT patients [7] . The present study shows that the PE rate was 2-fold greater in RDVT than in those with a single event; however, during follow-up and after adjustment for age and sex, this effect was statistically insignificant. The GRIP-VTE study reported a recurrence rate of almost 21% among 242 VTE cases from 5 Gulf Cooperation Council (GCC) countries [15] . The authors reported prior history of a VTE event to be a strong risk factor for recurrence. Hansson et al. [7] reported a 5-year cumulative incidence of recurrent VTE of 21.5% and 27.9% after the first and second DVT, respectively. Table 3 . Predictors of DVT recurrence. recurrence in males with unprovoked VTE. However, such an association was not observed in patients with first-provoked VTE. Another meta-analysis of 15 studies observed a 1.6-fold higher relative risk of recurrence in males [17] . Increased risk of VTE could be attributed to the sex-specific predispositions and clinical risk factors. It has been suggested that males with recurrent VTE are older than females and thus advanced age could be a risk factor for recurrence [16] . The present study found no differences in risk of recurrence between men and women, which is in agreement with previous reports [7, 9] .
Survival functions
Notably, Riddle and Wells reported frequent diagnosis of DVT among inpatients as compared to outpatients [18] . Similarly, a prospective study from Saudi Arabia observed that patients attending outpatient clinics are less likely to develop RDVT (9.7%) when compared to hospitalized patients (13.3%) [19] . However, in our series a higher proportion of RDVT cases were diagnosed from outpatient clinics, which necessitates development of an institutional protocol for the risk assessment and treatment of DVT to prevent recurrence among high-risk patients.
The rate of recurrence also depends upon the site of thrombosis and involvement of anatomic segments. Ouriel et al. [20] demonstrated a higher association of left LL venous thrombosis in patients with single DVT. Similarly, in our study patients with single DVT showed significant involvement of the left LL. Also, RDVT cases were more likely to involve bilateral LL thrombosis, which is in agreement with a recent study that reported a 2-fold higher rate of recurrence in bilateral LL DVT than that of multiple unilateral thrombosis [21] . Palareti et al. [4] reported similar rates of recurrence in patients with either unilateral or bilateral proximal DVT, but cases with bilateral distal DVT showed higher involvement with RDVT. In our study, the most frequently involved anatomic segments were popliteal vein, posterior tibial vein, and profunda femoris vein, which correlates well with earlier reports [22] .
The association between thrombophilic disorders and risk of VTE recurrence is well recognized [23] . Swiatkiewicz et al. [24] demonstrated an association between recurrent DVT and deficiency of anti-thrombin III, protein C, protein S activity, and other thrombophilic disorders. Similarly, in the present study, RDVT patients had higher frequencies of protein C, protein S, and anti-thrombin III deficiency. However, the clinical relevance of thrombophilia screening for prevention of RDVT remains uncertain [5, 11, 25] .
Some studies have demonstrated a higher risk of recurrence in patients with malignancy [9, 26] . Similarly, Ren et al. [27] identified that patients with malignancy had a 3.5-fold higher independent risk of RDVT as compared to those without malignancy. In contrast, a higher association of malignancy was observed among single DVT cases in our series, which is in agreement with a previous report [9] . It has been suggested that RDVT could be related to the extent or aggressiveness of cancer and associated thrombogenicity.
Tripodi et al. [28] reviewed the effect of coagulopathy in patients with chronic liver disease, finding a higher risk of DVT in patients with liver cirrhosis than in those without cirrhosis. Development of malignancy, prolonged hospitalization, and interventions are associated with the risk of VTE in patients with cirrhotic liver. Similarly, a systematic review and metaanalysis identified that the 1% of cirrhotic patients developed or presented with VTE during hospitalization [29] . Recently, Zhang et al. [30] observed a 0.4% prevalence rate of VTE in liver cirrhosis patients who required hospitalization. In our series, we lacked information on liver diseases in patients with DVT.
Advanced age, obesity, smoking, diabetes mellitus, and dyslipidemia were the most frequent comorbidities associated with the pathogenesis of single as well as recurrent VTE [31] [32] [33] [34] . Piazza et al. [34] identified diabetes to be an independent predictor of recurrence, with an adjusted odds ratio of 1.74. Consistent with these reports, we observed diabetes, obesity, and dyslipidemia to be associated with RDVT. Since these risk factors could be controlled through lifestyle modification and physical fitness, these findings could have important implications for prevention of the disease. Among comorbidities, only obesity was identified as an independent predictor of RDVT in our series.
PTS remains a frequently observed complication in patients with a single DVT event. Moreover, the risk of developing PTS significantly correlates with the ipsilateral RDVT (hazard ratio of 6.4) [35] , which is consistent with our findings of a higher correlation of PTS with RDVT. Therefore, appropriate thromboprophylaxis treatment for recurrence could eventually minimize the incidence of PTS and thereby improve the quality of life and clinical outcomes of high-risk patients [36] . A previous study showed that male sex, PE, and elevated D-dimer levels are important predictors of VTE recurrence in patients who discontinued oral anticoagulation treatment [37] . However, Khaladkar et al. [22] observed no independent risk of RDVT with respect to the anatomic location of DVT, diabetes mellitus, nephrotic syndrome, systemic lupus erythematosus, and noncompliance with treatment after discharge from the hospital.
A systematic review of patients treated for VTE demonstrated that the risk of mortality was higher in major bleeding patients on continued anticoagulation therapy as compared to RDVT cases after discontinuation of therapy [38] . Young et al. [39] reported 2-and 5-year cumulative mortality to be 12% and 27%, respectively, in cases with recurrent VTE. The majority of deaths were attributed to malignancy (68%) and vascular events (18%). Therefore, appropriate and timely anticoagulation treatment is warranted [40] . Heit reported advanced age, male sex; obesity, active cancer, and thrombophilic disorders to be independent predictors of VTE recurrence [1] . In our study, obesity, abnormal coagulation, bilateral DVT, and history of pulmonary embolism were the independent predictors of DVT recurrence.
Several strategies are available for the primary prevention of VTE. These strategies will be successful with a tailored prophylactic approach based on risk assessment by healthcare workers. Warfarin is the most frequently prescribed oral anticoagulant for the prophylaxis of recurrent events among high-risk patients with a first VTE event [41] . The age-and sex-adjusted mortality rate in our study was higher in patients with a single event; however, this effect disappeared after adjusting for the duration of warfarin therapy. The mean duration of therapy was longer in those who had RDVT. The latter finding may raise the issue of revising the duration of therapy after the first DVT event. Therefore, to improve outcome, a systematic approach should be used for the management of oral anticoagulant therapy, together with regular follow-up and effective communication with patients for treatment compliance [2] .
Our retrospective study design has several limitations inherent with potential to overlook certain risk factors and past DVT events. Moreover, there is the possibility of incomplete information on risk factors such as liver cirrhosis, which might lead to underestimation of predictors of recurrent DVT. Information on the clinical prediction rules prior to definitive diagnosis and the use of thromboprophylaxis in high-risk patients are not complete. We lack data on the adherence to management therapy during follow-up, which strongly affects the rate of recurrence. Follow-up residual venous thrombosis measurements were not available in our database.
Conclusions
In conclusion, patients with RDVT are common and have characteristic features that require more attention and further evaluation. These findings may help to identify high-risk patients and set effective preventive measures for RDVT, which may revise the duration of warfarin therapy.
